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Introduction

Although increasing industrialization brings prosperity, it can also cause environmental problems such as air, water and soil
pollution. For example, the liquid waste produced by the printing industry contains environmentally hazardous materials such as
Cobalt (Co), Manganese (Mn), Lead (Pb), Zinc (Zn) and Chromium (Cr). Chromium is a dangerous metallic pollutant that is
carcinogenic, mutagenic and highly toxic. The metal has two oxidative forms, namely, Cr (111) and Cr (V1). In the form of Cr
(V1) (or chromium-6), the metal is very toxic, irritating and corrosive and can cause inflammation of the skin membrane.
Besides, the presence of Cr (VI) in the human body can cause damage to the nasal bones and lungs and cause cancer. In
contrast, Cr (I11) is non-toxic and is an essential element for humans and animals.

Reducing the Cr (VI) content in waste can be achieved by several methods, such as ion exchange, precipitation, neutralization,
biosorption and adsorption. The adsorption method is efficient, simple, relatively cheap and effective at low concentrations.
Natural zeolite can be used as an adsorbent for removing metal pollutants from waste. Since its structure is hollow, zeolite can
be used as a molecular filter. In addition, it can be used for ion exchange and as a catalyst. Normally, the active surfaces of
natural zeolite are not very large. To improve zeolite’s adsorption capacity, it requires surface activation, which can be done in
two ways: Physical and chemical activation [1]. Physical activation is carried out through heating so that the water trapped in
zeolite pores is removed. Using the method, the surface area of natural zeolite can be increased. However, the heating of zeolite
must be controlled, as overheating will damage its surface.
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Chemical activation is intended to modify pore surfaces and remove impurities. Activation of zeolites can be achieved using
NaOH at concentrations of 0.1 N-11 N. Zeolite impurities such as SiO, cannot be dissolved in water but can be removed by
reaction with NaOH solution. This study aims to study the removal of Cr (VI) from printing industry waste using activated
natural zeolites. The influences of activator concentration, zeolite-waste contact time and stirring speed are considered. Natural
zeolite from Ende-Flores, Indonesia, was characterised and activated with acid solution in order to absorb Cr (VI) from aqueous
solution. This zeolite is naturally occurring and contains 75% quartz and 50% mordenite. While kinetic adsorption modelling
worked well with the pseudo-second-order model, isothermal adsorption followed the Langmuir model, with the maximum
adsorption (Qmax) of NZ and ANZ being 0.189 mg/g and 1.040 mg/g, respectively.

The ANZ was also helpful for the adsorption of Cr (V). Because of their high toxicity and propensity to accumulate through the
food chain, toxic heavy metals like Cr, Ni, Cd, Pb, Hg, Zn, Co and Cu from industrial effluents pose a serious environmental risk
when released into natural water bodies.One of the most infamous heavy metals is chromium, which is released by a variety of
industries, including those that deal with leather and tanning, manufacturing, catalysts and pigments, fungicides, glass,
photography, ceramics, crafts and electroplating [2]. In its compounds, chromium forms the oxidation states +2, +3 and +6. While
+1, +4 and +5 oxidation states are uncommon, the +3 and +6 oxidation states are the most frequently seen in chromium
compounds.

Hexavalent chromium, sometimes known as Cr (VI), is the most well-known kind of hazardous chromium. The IARC has
categorised metallic chromium and chromium (I11) in group 3 (not classifiable as to their carcinogenicity to humans) and
chromium (VI) in group 1 (carcinogenic to humans) [3]. Therefore, before wastewater is discharged into the aquatic system, the
removal of chromium (V1) from it is of utmost importance. In order to remove Cr (VI) from water and wastewater, conventional
treatment technologies have been developed. These include reduction followed by chemical precipitation, ion exchange,
membrane separation, electrocoagulation, nanoparticles, dialysis/electrodialysis and adsorption/filtration [4]. Efficiency and
efficacy of these systems are frequently constrained by capital and operating expenses, particularly when significant volumes of
effluents are involved.

Materials and Methods

Standard curve

The chromium content in the waste was observed using standard curves constructed as follows. Firstly, a mother liqguor was made
by dissolving an amount of known K,Cr,0; (Merck) in aquadest [5]. The solution then was diluted and tannin was added as a
stabilizer until a solution pH of 10.5 was obtained. The solution was shaken to homogenize it and then its absorbance was
measured.

Activation of natural zeolites

Natural zeolite chunks were obtained from Klaten and then crushed and sieved at a size of 40 mesh. Then zeolite was chemically
activated by soaking for 24 h in sodium hydroxide solution at various concentrations. Next, the soaked zeolite was filtered using
filter paper, then rinsed until the zeolite reached a neutral pH. Finally, the zeolite was dried at 105°C in an oven [6].

Main experiment

In this study, metal pollutant removal was studied using an artificial form of waste. The artificial waste was obtained by mixing
K,Cr,05 in water and used newspaper at a ratio of 0.5 g K,Cr,0; to 5 L of distilled water and 100 used newspaper. Before Cr
(VI) was removed from the waste, the content of chromium in the solution was observed according to its absorbance in a UV-Vis
spectrophotometer at a wavelength of 486 nm [7]. To deplete Cr (1), the waste and activated zeolite (adsorbent) were placed in a
beaker and stirred. The chromium content in the processed waste was then observed using the UV-Vis spectrophotometer.

Results and Discussion

A standard curve was plotted by mapping the relationship between the known chromium concentrations in the solution and their
absorbance values. The standard curve was used to observe the absorbance of the solution and determine its chromium content.
The initial concentration of Cr (VI) in the artificial waste was 0.9360 mg/L. The natural activated zeolite had a surface area of
27.5 m%g [8].

Effect of activator concentration
Natural zeolites have many impurities that cover the surfaces of their pores. Therefore, the pores must be modified to increase the
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adsorption capacity. To activate natural zeolite, activators must be applied, as reported by. In this study, to observe the influence
of activator concentration on chromium reduction, we used 8 g natural zeolite of 40 mesh size and 80 ml sodium hydroxide as an
activator [9]. The solution was made in various concentrations. The activated natural zeolite was then applied to the artificial
waste and stirred for 30 min at 120 rpm. The results are shown in Figure 1.
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FIG. 1. Relationship between NaOH activator concentration and Cr (V1) reduction.

Besides impurities, the pores inside natural zeolites are covered by metal oxides, which can be improved by activation. Activation
of the adsorbent can improve the adsorption of metals or carbon. Activation of the adsorbent’s surface increases its surface
texture allowing larger pore surfaces to attract more adsorbate.

As shown in Figure 1, the greatest decrease in Cr (V1) was obtained using natural zeolite that was activated using a 0.75 N NaOH
solution. At higher concentrations there is less reduction in Cr (V). This is likely due to the condition of the zeolite [10]. When
the zeolite is more alkaline, the Cr (V1) will be released more easily.

Effect of stirring speed

We next investigated the effect of stirring speed on the removal of Cr (V1) from liquid waste. For this, we used 8 g natural zeolite
of 40 mesh size that was activated using 0.75 N NaOH. The adsorption process was carried out for 30 min at various stirring
speeds. The results are shown in Figure 2.
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FIG. 2. Relationship between stirring speed and Cr (V1) removal.

Figure 2 shows how stirring speed affects Cr (V1) adsorption. Starting at 30 rpm, chromium adsorption increased with stirring
speed. Adsorption consists of both physical and chemical adsorption but, in this case, it is almost all physical adsorption. When
the liquid is stirred, turbulence is formed in the solution, which increases contact between the adsorbate and adsorbent. The ability
of zeolite to adsorb Cr (V1) reaches a maximum at 120 rpm, at which point 83.31% is adsorbed. At greater speeds, the adsorption
capacity decreases and adsorbate that has been absorbed is released again.
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Effect of contact time

Contact time plays a role in the adsorption of metal pollutants from waste. To study the effect of contact time, we used 8 g
activated zeolite of 40 mesh size, an activator concentration of 0.75 N NaOH and stirring speed of 120 rpm [11]. The results are
shown in Figure 3.
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FIG. 3. Relationship between contact time and percentage reduction of Cr (VI).

Figure 3 shows that the highest percentage of Cr (V1) reduction was 87.60%, which occurred at 60 min contact time. The Cr (VI)
content in liquid waste tended to be constant at contact times of 80, 100 and 120 min. From this result, it is assumed that the
adsorption of Cr (VI) in artificial waste will remain constant after 60 min. After 60 min, further adsorption is difficult due to the
saturated condition of the zeolites [12]. In the saturated state, the zeolite pores are filled with adsorbate so no further adsorption
can occur. This result is similar to that reported in, where zeolite adsorption reaches saturation at 60 min.

Isotherm study

To understand the pattern of Cr (V1) adsorption in the adsorbents, two adsorption isotherm models were studied: The Langmuir
isotherm and Freundlich isotherm models. The Langmuir isotherm model assumes that adsorption takes place through a single
layer, while in the Freundlich model it occurs through many layers [13]. Therefore, the experimental data were plotted in
accordance with the two isotherm models: Equation (1) for the Langmuir model and equation for the Freundlich model.

qmax l
=—+¥ | (1)
qg KL
1
log(g.) = log(Ke) + - log(ve) | s (2)

Mapping of the experimental results and isotherm equations are represented in Figure 3. These graphs show that the data tend to
follow the Langmuir isotherm [14]. The results explain that the adsorption of Cr (VI) takes place through a single-layer
mechanism, as reported by other researchers. The experimental results also show that the maximum adsorption power is 0.07152
mg of Cr (VI) per gram zeolite [15].
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Conclusion

This study investigated the removal of Cr (VI) from artificial printing waste. The results show that zeolite of 40 mesh size can
remove 87.60% of the heavy metal Cr (V1) content from liquid waste. This result can be achieved using natural zeolite activated
by NaOH at a concentration of 0.75 N. Maximum removal of Cr (VI) from liquid waste occurred at a stirring speed of 120 rpm
and contact time of 60 min.
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